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Abstract
The standard treatment for severe traumatic injury is frequently compression and application of
gauze dressing to the site of hemorrhage. However, while able to rapidly absorb pools of shed
blood, gauze fails to provide strong surface (topical) hemostasis. The result can be excess
hemorrhage-related morbidity and mortality. We hypothesized that cost-effective materials (based
on widespread availability of bulk fibers for other commercial uses) could be designed based on
fundamental hemostatic principles to partially emulate the wicking properties of gauze while
concurrently stimulating superior hemostasis. A panel of readily available textile fibers was
screened for the ability to activate platelets and the intrinsic coagulation cascade in vitro. Type E
continuous filament glass and a specialty rayon fiber were identified from the material panel as
accelerators of hemostatic reactions and were custom woven to produce a dual fiber textile
bandage. The glass component strongly activated platelets while the specialty rayon agglutinated
red blood cells. In comparison with gauze in vitro, the dual fiber textile significantly enhanced the
rate of thrombin generation, clot generation as measured by thromboelastography, adhesive
protein adsorption and cellular attachment and activation. These results indicate that hemostatic
textiles can be designed that mimic gauze in form but surpass gauze in ability to accelerate
hemostatic reactions.
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Despite considerable progress in understanding the patho-physiological processes involved
in surface (topical) hemostasis, there remains an unmet need for materials that can be
applied to staunch bleeding at sites of hemorrhage. Traumatic injury is the leading cause of
death in the United States for individuals under 44 years of age, claiming 100,000 lives each
year.1,2 In approximately half of these cases, exsanguination is the cause of death, and
roughly 50,000 additional patients survive hemorrhaging injuries only after massive red
blood cell transfusion.2–4 The situation is equally critical in combat medical care. In a recent
review of military casualties, the control of non-compressible bleeding was identified as the
most important unmet need in military emergency medicine.5 Frequently the standard of
care is use of a tourniquet to control “compressible” bleeding and the application of gauze to
control the residual “noncompressible” bleeding. However, the haemostatic inefficiency of
gauze is a major contributor to morbidity and mortality. The hypothesis is thus explored that
an inexpensive alternative material could be designed which would surpass gauze in its
ability to limit blood loss by providing superior surface hemostasis.
Two lines of evidence provide the rational for considering continuous filament glass thread
as a potential component of a haemostatic material. First, platelets activate and adhere to
glass.3,4 Binding to glass is a longstanding method for assessing platelet activity (e.g., see
ref. 5). Consequently, glass vessels are generally avoided in the in vitro handling of
platelets. Secondly, plasma proteins (Hageman Factor (FXII) and fibrinogen being well-
studied examples6) undergo chemical and physical adsorption processes on foreign
surfaces.7 FXII is particularly important because it initiates humoral coagulation at the glass/
blood interface.8,9 Platelet activation and turnover of intrinsic coagulation are highly
interrelated mechanisms, in part due to the role platelets play as a catalytic surface for
assembly of the FVa/FXa complex for thrombin generation. Platelet activation by
biomaterials (e.g., via integrin outside-in signaling, especially glycoprotein IIb/IIIa) can
result in surface presentation of phosphatidylserine, an important component of catalytic
complexes for thrombin generation.10,11 FXII is peripherally associated with the platelet
surface, eliciting activation of the intrinsic coagulation pathway in the microenvironment of
the cell.12,13 Although processes involving FXII that occur on the platelet surface are poorly
understood, the net effect of the close relationship between FXIIa-mediated coagulation and
platelet activation is synergistic for earlier initiation of fibrin polymerization.10 These two
lines of evidence indicate that continuous filament glass might be a valuable component of a
haemostatic textile.
The interaction of fluids with glasses is largely controlled by surface phenomena related to
hydrophobicity, zeta potential and wettability.14,15 E-glass filaments have mildly
hydrophilic surfaces, and are frequently modified for enhanced fluid spreading.16,17 The
combination of low wicking and non-absorbency into the interior of the glass filaments
precludes the use of this material as a single bandage component. Thus, a second type of
more adsorptive fiber was sought to provide the absorptive and wicking capacity lacking in
the glass filaments. In order to narrow the selection of the complementary fiber type, a panel
of natural and synthetic fibers was tested for tendency to activate platelets and the intrinsic
coagulation cascade. This analysis lead to the formulation and testing of a dual fiber
material, trade named Stasilon® (Entegrion, Inc., Research Triangle Park, NC) that consists
of continuous filament type E-glass and a specialty rayon.
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Type E continuous filament glass, specialty rayon (bamboo viscose from bambusa textilis),
and other natural and synthetic fibers were provided by Cheraw Mills, Inc. (Cheraw, SC).
The dual fiber glass/specialty rayon textile fabric, Stasilon®, was obtained from Entegrion,
Inc. (Research Triangle Park, NC). Specialty rayon and glass fibers were manually separated
from the dual fiber textile for some experiments. Gauze was sourced from Kimble, Inc.
(Elmira, NY).
Whole blood and platelet rich plasma isolation
A volume of 4.25 ml of peripheral blood from consenting healthy volunteers was drawn into
a 5 ml syringe that contained 0.75 ml of 3.2% (w/v) citrate, pH = 7.4. Platelet rich plasma
was obtained by centrifuging the blood at 200xg for twenty minutes at room temperature as
detailed elsewhere.18 The platelet concentration in the platelet rich plasma was measured
with a Hiska haematological analyzer, and the platelet concentration was adjusted to
150,000 platelets/μl by diluting the sample with platelet free plasma (obtained by
centrifuging platelet rich plasma for 10 min at 30,000 xg, then retaining the supernatant).
Thrombin generation kinetics
The effect of fibers on the kinetics of thrombin generation in platelet rich plasma (at 150,000
platelets/μl) was investigated by following the hydrolysis of the thrombin substrate D-phe-
pro-arg-ANSNH to yield a fluorescent reaction product as detailed elsewhere.19 A 300 μg
sample of each fiber was tested in 100 μl platelet rich plasma in triplicate with the
fluorogenic substrate D-phe-pro-arg-ANSNH. The time course for thrombin generation was
initiated by adding CaCl2 (to achieve a 10 mM final concentration) to each sample. The lag
time for thrombin generation was defined as the time point at which the fluorescence
increased 10% over the initial baseline value. Three independent measurements were
performed with each fiber, and the resulting lag times were used to calculate average,
standard deviation and P probability values.
Characterization of adsorbed plasma proteins
Glass, specialty rayon fiber, or gauze was incubated for 30 seconds at 50 mg/ml with plasma
(platelet free) that contained 10 mM CaCl2. The materials were then removed and diluted in
50 ml of citrated saline (5.375 mM citrate, 146 mM NaCl, pH - 7.4). Bulk materials were
diluted to 10 mg/ml in citated saline and centrifuged at 1000 xg. Pel-lets were resuspended
for the same material concentration and re-centrifuged. After a total of five centifugational
washes the final material pellets were suspended at 100 mg/ml in reduced electrophoretic
sample buffer and then incubated for five minutes at 100°C to remove bound proteins from
the materials. Electrophoresis was performed as detailed elsewhere20,21 on gels with 11%
(w/v) polyacrylamide content. Selected bands were subjected to GC/mass spectrometry
analysis for identification as described elsewhere.22
Thromboelastography (TEG)
TEG measurements were performed with a TEG-5000 Thromboelastograph Hemostasis
Analyzer (Haemoscope Corporation, Niles, IL). The assays were initiated by adding CaCl2
(to achieve a final concentration of 10 mM) to the whole blood, then the mixture (330 ul)
was immediately transferred to the TEG chamber contained 1 mg of material in 20 μl
citrated saline. The final fiber concentration was thus 3.0 mg/ml. Measurements were
performed for two hours at 37°C, and then relevant parameters were extracted from the
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“stiffness” curve. Three or four independent measurements were used to calculate average,
standard deviation and P probability values.
Scanning electron microscopy (SEM)
SEM analysis of the materials was performed as detailed elsewhere.19,23 Briefly, whole
peripheral blood from volunteers was allowed to flow directly from the venipuncture
butterfly onto the dual-fiber textile, glass fibers, specialty rayon or gauze so that each
material (1 cm2 pieces) was covered with excess blood (5 ml). The materials were allowed
to incubate for twenty seconds with the blood, and then they were added to 50 ml citrated
saline with 1 mM EGTA to quench haemostatic processes. All samples were allowed to
settle for five minutes to separate the fiber matrix pieces from un-attached blood cells, and
then the fibers were rediluted with citrated saline. This process was repeated two more times
to free each sample of unbound blood cells. After twenty seconds of contact with blood and
multiple cycles of dilution and material/blood cell complex settling, glutaraldehyde was
added for 0.1% (w/v) and the samples were allowed to incubate at room temperature for one
hour. The samples were diluted 1/1 (v/v) with 4% paraformaldehyde for a final
concentration of 2%, and then more glutaraldehyde was added for a final concentration of
0.5%. The initial stabilization step with 0.1% glutaraldehyde has been shown to minimize
osmotically driven alterations in RBC morphology due to paraformaldehyde exposure.24
Samples were stored at 4° C overnight and then examined with a Cambridge S200 scanning
electron microscope at 20 kV.
Measurement of bound RBCs
10 mg samples of the dual fiber textile materials and gauze were directly exposed to 1.0 ml
whole peripheral blood and washed as detailed for SEM. The samples were then placed in
10 ml of distilled water with 1% TX-100 to release hemoglobin from bound RBCs. The
samples were centrifuged at 10,000 xg for five minutes, then the absorbance at 414 nm was
measured to quantify the total amount of hemoglobin (and thus number of RBCs) associated
with each material. Three independent measurements were performed with each material,
then the averages and standard deviations were reported.
Measurement of extent of RBC lysis due to material contact
10 mg samples of dual fiber textile and gauze were exposed to 1.0 ml whole peripheral
blood as in the last two sections. After twenty seconds of exposure, the samples were
centrifuged at 10,000 xg for five minutes to pellet blood cells and other materials. The
optical density at 414 nm (OD414) was measured to quantify the amount of released
hemoglobin in the supernatants. Standard curves were constructed by lysing suspensions of
RBCs at defined hematocrits (measured with a Hiska haematological analyzer) to obtain
reference OD414 values, and then a standard curve relating OD414 to number of RBCs was
constructed and used to ascertain the number of RBCs bound to defined masses of the test
materials. Three independent measurements were performed for each material and then an
average and standard deviation were reported. This is the same method as detailed
elsewhere.25,26
Statistical Methods
The statistical significance of differences between groups of parameters was characterized
by calculating P probability values with the Student's t-test. A two-tail assumption was
made, and the data sets under comparison were assumed to have unequal variances for a
heteroscedastic analysis. Microsoft Excel was used to perform the numerical calculations.
Statistical significance was inferred at a P value of 0.05 or less.
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Experiments proceeded in two stages. First, candidate materials for formulating the
haemostatic textile were identified by measuring the ability of selected fibers to activate
haemostatic processes in platelet rich plasma. Secondly, a dual fiber textile, Stasilon®, was
prepared and analyzed to characterize haemostatic functionality. Details of these
experiments follow.
Activation of haemostatic system by candidate fibers
A panel of common textile fibers was analyzed for their ability to activate platelets and
accelerate turnover of the intrinsic (contact) coagulation pathway using a fluorogenic
thrombin generation assay. The behavior of representative fibers in a fluorogenic thrombin
generation assay is depicted in Figure 1. Exposure of the platelet rich plasma to type E
continuous filament glass resulted in thrombin generation in approximately eight minutes.
Specialty rayon was less prothrombogenic with thrombin generation occurring in 12
minutes, while gauze fiber was considerably slower at 17 minutes. The behavior of a more
expansive panel of fibers is presented in Figure 2. Glass and specialty rayon were the first
and second most thrombogenic materials tested, respectively. The lag time for thrombin
generation was significantly shorter with glass and the specialty rayon than the other test
materials (p < 0.05 when triplicate measurements were compared). Chitin and gauze, which
are components of marketed products for surface hemostasis, did not strongly accelerate
thrombin generation. Based on these results, a prototype bandage was constructed from
glass and the specialty rayon.
Plasma protein adsorption to materials
The set of plasma proteins that tightly bind to glass, the specialty rayon and gauze was
characterized by incubating plasma with each material, exhaustively washing with citrated
saline, and then performing protein electrophoresis. Figure 3, which is representative of
three independent determinations, show that each material bound a specific subset of plasma
proteins. Based on the overall density of the protein stain, glass and the specialty rayon
bound more total proteins than gauze, including several proteins that were identified with
GC/mass spectrometry analysis as the 70 kDa IgM heavy (μ) chain, 67 kDa serum albumin,
and the 50 – 60 kDa fibrinogen chains.
In vitro properties of the glass/specialty rayon dual fiber textile
The results of the in vitro analysis of candidate materials lead to the selection of glass and
specialty rayon for the components of the dual fiber textile product. A proprietary “modified
crow's foot” weave was chosen from a dozen potential weaves because the “tightness” of
this interlacement allows limited wicking to deliver hemostatic reaction components while
retarding bulk fluid flow, to accelerate surface hemostatic reactions. The dual fiber matrix,
type E glass and the specialty rayon were compared using thromboelastographic analysis
with whole blood (see Figure 4a). This analysis was performed with the same amount of
total material (for 3 mg/ml glass, specialty rayon, or glass + specialty rayon) in each cuvette.
The dual fiber textile (R = 5.8 ± 0.9 min, n = 4 determinations) was found to accelerate
fibrin clot formation in a statistically significant manner as compared to glass (R = 8.8 ± 1.3
min, n = 3 determinations, p = 0.00163 compared to dual-fiber textile), specialty rayon (R =
9.1 ± 1.5 min, n = 3 determinations, p = 0.0160 compared to dual-fiber textile or saline
negative control (R = 14.9 ± 2.7 min, n = 4 determinations, p = 0.0004 compared to dual-
fiber textile). The coagulation activation observed with the saline samples reflected the
interaction with the TEG cuvette surface material. Since the same amount of total material
was in each cuvette, the acceleration of hemostasis measured with the dual fibers reflects a
synergistic effect, not an effect that is additive for the two materials.
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Analysis of the dual fiber matrix and gauze by scanning electron microscopy (SEM)
following contact with excess peripheral blood (see Figure 5a, which is representative of
five independent SEM examinations) showed the glass/specialty rayon matrix tightly
binding significant numbers of RBCs, while these cells only sparsely covered the gauze
matrix. Glass filaments are recognizable as cylindrical filaments, while the specialty rayon
has a more complex “ribbed” cross-sectional geometry. SEM analysis of glass and specialty
rayon separately indicated that glass robustly bound platelets in a highly activated
morphology, while the specialty rayon primarily bound agglutinated RBCs (see Figure 5b).
Quantification of the number of RBCs on each matrix (see Figure 6) revealed that the dual
fiber textile bound approximately three times as many RBCs per unit weight as gauze, and
that the RBC binding to the dual fiber matrix was due to the specialty rayon content.
Significant lysis of RBCs did not occur (data not shown). These results indicate that the two
materials in the Stasilon® matrix impart different but synergistic properties for accelerated
clot formation.
DISCUSSION
This study demonstrates that fundamental principles underlying haemostatic processes can
be applied to design economical materials that accelerate hemostatic reactions for surface
hemostasis, the selection of glass and specialty rayon bamboo being based on ability to
accelerate platelet activation and turnover of the humoral coagulation cascade. The relevant
econometric consideration is that the glass and bamboo rayon are readily available fibers
that have extensive non-medical commercial uses. Stasilon® received clearance by the
United States Food and Drug Administration for broad-based use in surgical and emergency
medicine in December of 2007 (United States Food and Drug Administration 510(k) number
K072890). Based on comparison with gauze in porcine hemorrhage studies, the FDA
cleared Stasilon® with an indication as a hemostatic wound dressing. Clinical trials for
various surgical and emergency medicine indications have subsequently been initiated to
address the question of the clinical significance of accelerated hemostasis with respect to
blood loss and associated morbidity and mortality.
Acceleration of hemostatic reactions has been a factor in the design of other products for
surface hemostasis. For example, maximization of surface area for increased specific
reactivity (catalytic surface activity/unit mass) is incorporated into the design of β-poly-N-
acetyl glucosamine nanofiber-based products (Syvek® patch, Marine Polymer
Technologies, Danvers, MA). Similarly, the ability to accelerate activation of factor XII and
the intrinsic coagulation cascade was a design element of zeolite-based products27,28 (e.g.,
QuickClot®, Z-Medica, Inc., Wallingford, CN) and smectite clay-based formulations29
(Woundstat®, Traumacure, Inc., Bethesda, MA). As is the case with the dual fiber matrix,
these types of products outperform gauze in animal testing as well as human field use.30
The role of the glass filaments in Stasilon® are relatively well-understood, with three earlier
findings defining some of the functions of the glass fibers in the dual-fiber matrix. First,
platelets activate and adhere to glass.31 Secondly, FXII (Hageman Factor) was discovered
and found to be important in initiating humoral coagulation at the glass/blood interface.8,9
Third, plasma proteins32–34 (FXII9 and fibrinogen35–37 being well-studied examples),
undergo chemical and physical adsorption processes on foreign surfaces7 inducing the
formation of a “Vroman” layer.38,39 These three fundamental findings were subsequently
extended by elucidating parts of the mechanisms through which adsorbed fibrinogen
activates platelets.4,32–34,38,40,41 Artificial surface-bound fibrinogen can behave like a “bio-
sensor” for platelets and is associated with an enthalpy readily detected with calorimetry.42
Furthermore, the adsorbed fibrinogen has an altered conformation as judged by atomic force
microscopy35 and can occlude monoclonal antibody binding sites.43 Surface bound
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fibrinogen has been reported to undergo a poorly defined process termed “conversion”,6 that
might involve disassociation from the surface, a conformational change and/or occlusion by
prekallikrein or other proteins.43 A result of the conformational distortion on glass44 and
other hydrocarbon polymer-coated materials45–47 is that contact with platelets results in their
adhesion and activation. Current understanding of integrin outside-in signaling processes
suggests that integrins bind to domain(s) on the adsorbed fibrinogen molecule that
conformationally resemble fibrin, and then cluster on the platelet membrane to organize
cytoskeletal-related signaling machinery for activation of outside-in signaling.48 The
observation (Figure 3) that material components of the dual fiber bandage tightly bind
fibrinogen chains indicate incorporation of these molecules into the Vroman layer are
important in the haemostatic function of Stasilon®.
The role of the bamboo viscose rayon in the function of the dual fiber bandage is less well
understood. However, it is reasonable to hypothesize that three surface processes occur: an
initial selective adsorption event for the formation of a Vroman layer;38,39 a conformational
distortion of the adsorbed proteins; and an interaction with platelets and the intrinsic
coagulation cascade that is in part a consequence of the conformational alterations of the
adsorbed proteins. The hydrophilic nature of specialty rayon probably plays an important
role in driving these three processes. As is the case with many regenerated cellulosic fibers,
the properties of bamboo viscose rayon are to some extent dependent on the pulp
composition, e.g., hemicellulosic content, but these relationships are not clearly defined.49,50
Bamboo viscose is morphologically similar to conventional viscose. The cross-section has
an irregular “popcorn” shape and longitudinal striations with long surface cracks
characterize the surface. These striations and cracks increase the effective surface area of the
fiber, and are believed to contribute to the high water absorptivity and retention capabilities
of this material.51 Regenerated cellulosic fibers are porous materials that contain both
crystalline and amorphous regions that are characterized by different moisture absorption
and retention capabilities. Crystalline regions are highly ordered and have low absorptivity,
while amorphous domains are highly disordered and have greater availability of sites for
molecular diffusion. The crystallinity of bamboo viscose (cellulose II) is lower than that of
standard viscose or lyocell.52 The chemical and structural aspects of specialty rayon that
make this fiber more prothrombogenic than other cellulosic fibers, such as rayon and cotton
in gauze, are not understood.
An unanticipated finding was that RBCs strongly absorb to the specialty rayon fibers in
Stasilon®. This type of RBC agglutination effect has recently been reported to occur when
poly-N-acetyl glucosamine based products for surface hemostasis contact blood, and is
associated with the exposure of surface phosphotidylserine on the RBCs and the generation
of a prothrombotic membrane.25,26 The physical bases of these interactions are not
completely understood, but, as is the case with poly-N-acetyl glucosamine, potentially
involves an interaction of the cellulosic material with band 3 and other surface proteins on
the erythrocytes. TEG analysis (see Figure 4) showed that glass and specialty rayon
synergize to activate fibrin polymerization in whole blood faster than either material alone
(given a similar mass of total material). This result suggests that RBC agglutination on the
rayon could accelerate platelet activation on glass for faster generation of thrombin; the
agglutinated RBCs might release a factor (e.g., prostaglandin, free hemoglobin, reactive
oxygen species) that synergize with the glass surface, as a “solid agonist”, for acceleration
of platelet activation reactions. Alternatively, the fluid transport properties of the specialty
rayon, while in close physical contact with the glass interfacial surface, could play a role in
the synergistic acceleration of hemostasis.
An important phenomena that is under investigation independent of the work presented here
is an increase in flow resistance that occurs when RBCs aggregate on the dual fiber matrix.
Fischer et al. Page 7













The weave of the dual fiber textile was chosen to provide mild wicking (to deliver
hemostatic components for reaction) but also resistance to bulk fluid flow (to minimize
hemorrhage). RBC agglutination is likely to further slow the flow of blood through the dual
fiber textile as compared to gauze in the first few seconds after exposure to blood. Based on
a first-principle consideration of the behavior of reactive systems under flow, slowing of
fluid motion is anticipated to increase the concentration of activated coagulation factors in
the microenvironment of catalytic textile surfaces.53–55
Existing knowledge of how hemostatic systems interact with glass and the data presented
here suggests that the dual fiber matrix functions through at least three mechanisms:
turnover of the intrinsic coagulation cascade, activation of platelets and red blood cell
agglutination. The product's multifactorial hemostatic mechanisms for action suggest that
this matrix will be useful in patients that are coagulopathic due to a variety of underlying
conditions, including hemorrhagic shock (trauma-induced coagulopathy), hemophilia,
thrombocytopenia, and/or treatment with anticoagulation or anti-platelet therapies. This
hypothesis is supported by a recent case study in which the dual fiber bandage effectively
provided hemostasis in an aplastic anemic patient with refractory hemorrhage after ingrown
toenail reconstruction.56 The clinical utility of the dual fiber product in coagulopathic, as
well as hemostatically competent, patients awaits the results of studies (that are currently
underway) that are explicitly designed with endpoints of blood loss, transfusion avoidance,
morbidity and mortality.
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Representative Thrombin Generation Curves- Duplicate samples (in separate wells of a 96
well plate) of glass, specialty rayon or gauze fibers were placed in platelet rich plasma
containing a fluorogenic thrombin substrate. The thrombin generation time course was
initiated by adding calcium. Arrows indicate the times for thrombin generation.
Experimental details are presented in the Materials and Methods section.
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Times for Thrombin Generation- The indicated fibers were tested to measure times for
thrombin generation in platelet rich plasma. Error bars represent the standard deviation of
three independent measurements, where each independent measurement is an average value
of the lag time obtained from the curves from two wells as depicted in Figure 1.
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Protein Adsorption to Materials- Glass (lane 1), specialty rayon (lane 2) or gauze (lane 3)
was incubated for 30 seconds with excess calcified normal human plasma. The materials
were bulk washed to remove unbound proteins, and then subjected to SDS-polyacrylamide
gel electrophoresis to characterize bound proteins as detailed in the Materials and Methods
section. Selected bands were identified with Western and/or GC-mass spectroscopic analysis
as indicated. The depicted results are typical from three independent determinations.
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(a) Thromboelastographic Analysis of Materials- Equal masses of dual fiber textile, glass or
specialty rayon or gauze was placed in the Thromboelastographic cuvette with citrated
saline and then whole blood and calcium as added to initiate clot formation. Citrated saline
without material was run as a negative control. Experimental details are presented in the
Materials and Methods section. (b) The times for beginning of clot formation (R values)
were obtained from the force generation curves from three or four independent
determinations (n values as indicated in the Figure) with different donors (see text for
details). Standard deviations are depicted and related p-values for the difference between the
dual fiber and other test materials are listed.
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(a) Comparison of Blood Cells on Dual Fiber and Gauze- Dual fiber textile or gauze was
saturated with excess peripheral blood, washed, and then examined with scanning electron
microscopy as detailed in the Materials and Methods section. The white arrows in the right
two dual fiber panels indicate specialty rayon fibers. (b) Glass filament or specialty rayon
was saturated with excess peripheral blood, washed, and then examined with scanning
electron microscopy as detailed in the Materials and Methods section.
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Binding of Red Blood Cells with Materials- Dual fiber textile, glass, specialty rayon or
gauze was saturated with excess peripheral blood, washed, and then the number of bound
RBCs was measured as described in the Materials and Methods section. Error bars represent
the standard deviation from triplicate measurements.
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